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(54) TlUe: COMPOSITION COMPRISING GLYCEROL. PROCESS FOR OBTAINING SAME AND USE THEREOF IN THE 
MANUFACTURE OF DICHLOROPROPANOL 

(57) Abstract: The invention nelaies to a composition comprising glycerol and at least one cyclic oligomer of glycerol, to a pro- 
cess for obtaining the composition and to its use in the manufacture of dichloropropanol aiid of derived products such as 
cpichlorohydrin and epoxy resins. 
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Composition comprising glvccroK process for obtaining same and use 
thereof in the manufacture of dichloropropanol 



The present patent application claims the benefit of patent applications 
FR 08/52206 filed on 03 April 2008 and FR 09/51260 filed on 29 February 2009, 
the content of both of which is incorporated herein by reference. 

The present invention relates to a composition comprising glycerol (1,2,3- 
5 propanetriol), to a process for obtaining it and to the use of the composition in 
the manufacture of dichloropropanol and of derived products such as 
epichlorohydrin and epoxy resins. 

Dichloropropanol, for example, is a reaction intermediate in the 
manufacture of epichlorohydrin and epoxy resins (Kirk-Othmer Encyclopedia of 
10 Chemical Technology, Fourth Edition, 1992, Vol. 2, page 156, John Wiley & 
Sons, Inc.). 

According to known processes, dichloropropanol can be obtained in 
particular by hypochlorination of allyl chloride, by chlorination of allyl alcohol 
and by hydrochlorination of glycerol. With the latter process, dichloropropanol 

15 can be obtained starting from fossil raw materials or renewable raw materials. It 
is known that petrochemical natural resources, from which the fossil materials 
originate, for example oil, natural gas or coal, available on Earth arc limited. 

In some conditions, the hydrochlorination of glycerol starting from 
renewable raw materials exhibits a selectivity which leaves a lot to be desired, 

20 resulting in the formation of some heavy by-products that it is necessary to 
eliminate. 

The invention ainLS to solve this problem by limiting the formation of 
heavy by-products and the problems which are related to those heavy by- 
products. 

25 The invention therefore relates to a conq)Osition comprising glycerol and at 

least one cyclic oligomer of glycerol at a content greater than or equal to 0.01 
and less than or equal to 20 g of cyclic oligomer/kg of composition, and to its use 
in the manufacture of dichloropropanol. 

One of the main features of the present invention lies in the low content of 

30 cyclic oligomers of glycerol in the glycerol composition used as raw material in 
the manufacture of dichloropropanol 
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Specifically, it has been found that the presence of glycerol oligomers in 
the glycerol contributes to the formation of heavy by-products in the process for 
manufacturing dichloropropanol by hydrochlorination of glycerol. 

By heavy by-products in the process for manufacturing dichloropropanol 
5 by hydrochlorination of glycerol, one intends to denote glycerol oligomers which 
may be partially chlorinated and/or esterificated. 

Without intending to be bound by any theory, it is believed that the 
conq>osition of such heavy by-products, which is related among others to the 
chemical structure of the heavy by-products and to their content in the reaction 
10 mixture, is important in the process for manufacturing dichloropropanol. 

The composition of such heavy by-products is believed to improve the 
selectivity and the yield of dichloropropanol. starting from glycerol. The heavy 
by-products in the process for manufacturing dichloropropanol by 
hydrochlorination of glycerol arc believed to behave as a solvent for the 
1 5 hydrochlorination reaction. 

However, it is further believed that a too high content in heavy by-products 
can lead to an increased consumption of the chlorinating agent of glycerol, to a 
decreased dichloropropanol productivity, to an increase of the viscosity of the 
reaction medium leading to difficulties of mixing and dissolving the reactants 
20 and in particular hydrogen chloride and to an increase in the frequency of the 

purging operations of the process. It is also further believed, that some partially 
chlorinated and/or esterificated cyclic oligomers of glycerol have boiling 
temperature close to the boiling temperature of dichloropropanol which can 
make separation more difficult and also have a negative impact on down-stream 
25 processes using dichloropropanol, like epichlorohydrin and epichlorohydrin 
derivatives manufacturing processes. 

An optimal composition of heavy by-products is necessary. This optimal 
composition is believed to be controlled by an optimal content of cyclic glycerol 
oligomers in the glycerol submitted to the hydrochlorination reaction. 
30 In the composition according to the invention, the glycerol content is 

generally greater than or equal to 500 g of glycerol per kg of composition, 
usually greater than or equal to 750 g/kg, in many cases greater than or equal to 
900 g/kg, commonly greater than or equal to 950 g/kg, often greater than or 
equal to 990 g/kg, frequently greater than or equal to 999 g/kg, specifically 
35 greater than or equal to 999.9 g/kg and in particular greater than or equal to 
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999.95 g/kg. That glycerol content is usually lower than or equal to 999,99 g/kg 
of composition. 

The expression "cyclic oligomer of glycerol " is understood to mean a 
cyclic compound resulting fiom condensation reactions between at least two 
5 glycerol molecules, i.e. a compound resulting from condensation reactions 
between at least two glycerol molecules and the chemical structure of which 
contains at least one cycle or ring. 

In the composition according to the invention, the cyclic oligomer of 
glycerol is generally a compound resulting from condensation reactions between 
10 at least 2 glycerol molecules (dimer), and at most 7 glycerol molecules 

(hep tamer), often at most 6 glycerol molecules (hexamer), frequently at most 4 
glycerol molecules (tetramer) and more specifically at most 3 glycerol molecules 
(trimer). 

The cyclic oligomer of glycerol is usually an oligomer of glycerol for 

1 5 which at least some of the carbon atonLs are located in the at least one ring of the 
chemical structure. The number of atoms constituting the ring is generally 
greater than or equal to 6, often greater than or equal to 7 and sometimes greater 
than or equal to 8. The number of atoms constituting the ring is generally less 
than or equal to 20. The ring generally comprises at least two oxygen atoms and 

20 often 2 oxygen atoms. Cyclic oligomers of glycerol containing a single ring 
constituted of 6 atoms, of which 2 of the atoms are oxygen atoms, are 
particularly suitable. Cyclic oligomers of glycerol containing a single ring 
constituted of 7 atoms, of which 2 of the atoms arc oxygen atoms, are 
particularly convenient. Cyclic oligomers of glycerol containing a single ring 

25 constituted of 8 atoms, of which 2 of the atoms arc oxygen atoms, arc also 
particularly suitable. 

In the composition according to the invention, the cyclic oligomer of 
glycerol is preferably chosen from the group consisting of cyclic dimers of 
glycerol, cyclic trimcrs of glycerol, cyclic tetramers of glycerol, and mixtures of 

30 at least two of these glycerol oligomers. 

In the composition according to the invention, the cyclic oligomer of 
glycerol is often a cyclic compound resulting fh)m condensation reactions 
between two glycerol molecules, /.e., a cyclic dimer of glycerol. 

The dimer of cyclic structure generally comprises at least one ring and 

35 often only one ring. The ring generally comprises 6 atoms, often 7 atoms and 
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frequently 8 atoms, of which two atoms are oxygen atoms and the remainder arc 
carbon atoms. 

In the composition according to the invention, the cyclic dimcr of glycerol 
usually comprises at least one of the compounds selected from the group 
5 consisting of cis- and trans-2,5-bis-(hydroxymethyl)-l ,4-dioxane, cis- and trans- 
2,6-bis(hydroxymethyl)-l,4-dioxane, cis- and trans-6-hydroxy-2-hydroxymethyl- 
1,4-dioxcpane, and cis- and trans-3,7-dihydroxy-l,5-dioxocane, and any mixture 
of at least two of them. 

In the composition according to the invention, the cyclic dimer of glycerol 
10 is often a mixture comprising all the preceding isomers. 

In the composition according to the invention, the cyclic dimer of glycerol 
is often a mixture consisting essentially of all the preceding isomers. 

In the composition according to the invention, the content of the cyclic 
oligomer of glycerol is often less than or equal to 10 g of cyclic oligomcr/kg of 
1 5 composition, frequently less than or equal to 5 g/kg, commonly less than or equal 
to 2.5 g/kg, specifically less than or equal to 1 g/kg, more specifically less than 
or equal to 0.5 g/kg and particularly less than or equal to 0.1 g/kg. This content 
is often greater than or equal to 0.05 g/kg. 

In the composition according to the inventk)n, the content of the cyclic 
20 dimer of glycerol is often less than or equal to 10 g of cyclic dimer/kg of 

composition, frequently less than or equal to 5 g/kg, conunonly less than or equal 
to 2.5 g/kg, specifically less than or equal to 1 g/kg, more specifically less than 
or equal to 0.5 g/kg and particularly less than or equal to O.l g/kg. This content 
is often greater than or equal to 0.05 g/kg. 
25 In the composition according to the invention, the sum of the contents of 

cis- and traius-2,5-bis(hydroxymethyl)-l,4-dioxane, cis- and trans-2,6-bis- 
(hydroxymethyl)-l,4-dioxane, cis- and trans-6-hydroxy-2-hydroxymethyl- 1 ,4- 
dioxepane, and cis- and trans-3,7-dihydroxy-l,5-dioxocanc is often less than or 
equal to 10 g/kg of composition, frequently less than or equal to 5 g/kg, 
30 commonly less than or equal to 2,5 g/kg, specifically less than or equal to 1 g/kg, 
more specifically less than or equal to O.S g/kg and particularly less than or equal 
to 0. 1 g/kg. This content is often greater than or equal to 0.05 g/kg. 

The composition according to the invention may in addition contain at 
least one oligomer of glycerol chosen from the group consisting of oligomers of 
35 glycerol of linear structure, of branched structure, and of mixtures of at least two 
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of these oligomers. The additional oligomer of glycerol is often a mixture of at 
least two of these oligomers. 

The expression "oligomers of linear structure" is understood to mean 
oligomers in which all the carbon atoms arc located in one and the same chain of 
5 atoms, which is not a ring. 

The expression "oligomers of branched structure" is understood to mean 
oligomers for which the carbon atoms are located in at least two chains of atoms. 

The oligomers of glycerol of "linear structure" and the oligomers of 
glycerol "of branched structure" are not cyclic oligomers of glycerol. They will 
10 be referred also further as non cyclic oligomers of glycerol. 

In the composition according to the invention, the glycerol oligomer of 
linear structure and the glycerol oligomer of branched structure are 
independently preferably chosen from the group consisting of glycerol dimers, 
glycerol trimcrs, glycerol tctramcrs, and mixtures of at least two of these glycerol 
15 oligomers. 

In the composition according to the the invention, the glycerol oligomer of 
linear structure and the glycerol oligomer of branched structure are 
independently and frequently a glycerol dimer. 

In the composition according to the invention, the glycerol dimer of linear 
20 structure and the glycerol dimer of branched structure are often a mixture of the 
dimer of linear structure, and of at least one dimer of branched structure. 

The non cyclic oligomer of glycerol is often a mixture of at least two of the 
compounds selected from the group consisting of 3-(2,3-dihydroxypropoxy)- 
propa^e-l,2-diol (linear oligomer of glycerol), 3-(2-hydroxy-l-- 
25 hydroxymethylcthoxy)propanc- 1 ,2-diol (mono branched oUgomer of glycerol) 
and 2-(2-hydroxy-l-hydroxymethylethoxy)propane-l,3-diol) (di branched 
oligomer of glycerol). 

In the rest of the document, glycerol oligomers will also be called 
poly glycerols, and glycerol dimers, trimers ,tetramers, etc, will also be called 
30 diglycerols, triglycerols, tetraglycerols, etc.. 

In the composition according to the invention, the non cyclic polyglycerol 
content is often less than or equal to 1 0 g/kg of composition, frequently less than 
or equal to 5 g/kg, specifically less than or equal to 2.5 g/kg, particularly less 
than or equal to 1 g/kg, more specifically less than or equal to 0.5 g/kg and most 
35 particularly less than or equal to 0. 1 g/kg. This content is often greater than or 
equal to 0.05 g/kg. 
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In the composition according to the invention, the non cyclic diglycerol 
content is often less than or equal to 10 g/kg of composition, frequently less than 
or equal to 5 g/kg, commonly less than or equal to 2.5 g/kg, specifically less than 
or equal to 1 g/kg, more specifically less than or equal to 0.5 g/kg and 

5 particularly less than or equal to 0.1 g/kg. This content is often greater than or 
equal to 0.05 g/kg. 

In the composition according to the invention, the content of 3-(2,3-di- 
hydroxypropoxy)propane-l,2-diol (linear diglycerol) is often less than or equal 
to 10 g/kg of composition, frequently less than or equal to 5 g/kg, specifically 

10 less than or equal to 2.5 g/kg, commonly less than or equal to 1 g/kg, more 

specifically less than or equal to 0.5 g/kg and particularly less than or equal to 
0.1 g/kg. This content is often greater than or equal to 0.05 g/kg. 

In the composition according to the invention, the sum of the contents of 3- 
(2-hydroxy- 1 -hydroxymcthylcthoxy)propanc- 1 ,2-dio I and 2-(2-hy droxy- 1 - 

15 hydroxymethyl-ethoxy)propane-l,3-diol (branched diglyccrols) is often less 
than or equal to 1 0 g/kg of composition, frequently less than or equal to 5 g/kg, 
commonly less than or equal to 2.5 g/kg, specifically less than or equal to 1 g/kg, 
and particularly less than or equal to 0,1 g/kg. This content is often greater than 
or equal to 0.05 g/kg. 

20 The composition according to the invention generally contains diols as 

described in Application WO 2009/000773 in the name of SOLVAY SA, from 
page 1 , line 30 to page 2, line 22, the content of which is incorporated here by 
reference. 

The diols are preferably chosen from 1,2-ethanediol (ethylene glycol), 1,2- 
25 propanediol (propylene glycol), 1,3-propancdiol, 1,2-butanediol, 2,3-butancdiol, 
1 ,4-butanediol or a mixture of at least two of these compounds. 1 ,3-propanediol 
is particularly preferred. 

In the composition according to the invention, the diol content is generally 
greater than or equal to 0.001 g diol/kg of composition and less than or equal to 
30 100 g diol/kg of composition. This content is often less than or equal to 90 g/kg, 
commonly less than or equal to 50 g/kg, frequently less than or equal to 10 g/kg, 
usually less than or equal to 1 g/kg, commonly less than or equal to 0.5 g/kg and 
frequently less than or equal to 0.2 g/kg. This amount is often greater than or 
equal to 0.005 g/kg, frequently greater than or equal to 0.0 1 g/kg, commonly 
35 greater than or equal to 0.04 g/kg and usually greater than or equal to 0. 1 g/kg. 
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The composition according to the invention generally contains glycerol 
alkyl ethers as described in Application WO 2007/144335 in the name of 
SOL V AY SA, from page 2, line 6 to page 3, line 25, the content of which is 
incorporated here by reference. Glycerol methyl ethers arc particularly suitable. 
5 The oligomers of glycerol are not considered as glycerol alkyl ethers. 

The content of glycerol alkyl ethers is generally less than or equal to 
90 g/kg of composition, often less than or equal to 50 g/kg, frequently less than 
or equal to 10 g/kg, commonly less than or equal to 5 g/kg, usually less than or 
equal to 1 g/kg, more commonly less than or equal to 0.5 g/kg and more 
10 frequently less than or equal to 0.2 g/kg. This content is generally greater than or 
equal to 0.005 g/kg, frequently greater than or equal to 0.01 g/kg, often greater 
than or equal to 0.04 g^g and more frequently greater than or equal to 0.1 g/kg. 

The composition according to the the invention may also comprise 
monoalcohols, such as the monoalcohols described in Application 
1 5 WO2007/1 44335 in the name of SOLVAY S A, from page 3, lines 26 to 3 1 , the 
content of which is incorporated here by reference. 

These monoalcohols are generally present at a content greater than or equal 
to 0.001 g/kg of composition, and often greater than or equal to 0.01 g/kg. This 
content Ls generally less than 20 g/kg of product and often less than or equal to 
20 2 g/kg of product. 

The composition according to the invention may also comprise water in a 
content generally greater than or equal to 0.1 g/kg of composition and less than 
or equal to 200 g/kg. This amount is often less than or equal to 50 g/kg and 
frequently less than or equal to 20 g/kg. 
25 The composition according to the invention may also comprise at least one 

fatty acid alkyl ester and/or one glycerol ester and/or one salt as described in 
Applicatwn WO 2007/144335 in the name of SOLVAY SA, from page 5, lines 
12 to 20. 

These esters arc generally present at a content greater than or equal to 
30 0.0 1 g/kg of composition, often greater than or equal to 1 g/kg and frequently 
greater than or equal to 5 g/kg. This content is generally less than 50 g/kg of 
product, and often less than or equal to 30 g/kg, and more often less than or equal 
to 10 g/kg. 

These salts are generally present at a content greater than or equal to 
35 0.0005 g/kg of composition, often greater than or equal to 0.001 g/kg and 

frequently greater than or equal to 0.0 1 g/kg. This content is generally less than 
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1 0 g/kg, and often less than or equal to 1 g/kg of product, and more often less 
than or equal to 0. 1 g/kg. 

The diols, glycerol alky! ethers, monoalcohols, water, alkyl esters of fatty 
acids, glycerol esters and salts may be by-products of glycerol manufacturing 

5 processes such as, for example, the processes for conversion of oils or fats of 
plant or animal origin via transesterification, saponification or hydrolysis 
reactions, processes for conversion of mono- and polysaccharides and derived 
alcohols, such as fermentation, and thermochemical processes such as 
hydrogenation and hydrogenolysis. 

10 In the composition according to the invention, the glycerol may have an 

alkali metal and/or alkaline earth metal content as described in WO 2006/100315 
of SOLVAY SA, the content of which is incorporated herein by reference, and 
especially the passages from page 7, line 1 1 , to page 9, line 10. 

In the composition according to the the invention, the glycerol may contain 

1 5 elements other than alkali metals and alkaline earth metals as described in 

WO 2006/100319 of SOLVAY SA, the content of which is incorporated herein 
by reference, especially the passages from page 2, line 3 to 8, and from page 6, 
line 20, to page 9, line 14. 

In the composition according to the the invention, the glycerol may contain 

20 an amount of heavy compounds other than glycerol and polyglycerols and whose 
boiling temperature under a pressure of 1 bar absolute is at least 15**C greater 
than the boiling temperature of dichloropropanol as described in 
WO 2006/100316 of SOLVAY SA the content of which is incorporated herein 
by reference, especially the passages from page 15, line 32, to page 17, line 33, 

25 In the composition according to the invention, the glycerol may contain 

nitrogen containing compounds as described in FR 07/59891 of SOLVAY SA 
the content of which is incorporated herein by reference, especially the passages 
from page 1, line 28, to page 3, line 20, 

The invention also relates to a process for preparing the composition 

30 comprising glycerol and at least one cyclic oligomer of glycerol at a content 

greater than or equal to 0.01 and less than or equal to 20 g of cyclic oligomer/kg 
of composition, comprising the following steps: 

(a) a composition (I) comprising glycerol, of which the content of cyclic 

oligomer of glycerol is less than 0.01 g/kg of composition, is subjected to a 
35 heating operation at a temperature greater than or equal to 25®C and less than 

1 80°C, in the presence of a basic agent; 
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(b) the composition (11) obtained at the end of step a) is subjected to a distillation 
operation or to an evaporation operation, in order to obtain, as a distillate or 
as an evaporate, a composition comprising glycerol and at least one cyclic 
oligomer of glycerol at a content greater than or equal to 0.01 g of cyclic 

5 oligomer/kg of composition; 

(c) optionally, one fraction of the composition (III) obtained at the end of step b) 
is subjected to at least one purification treatment, so as to obtained a 
composition comprising glycerol and at least one cyclic oligomer of glycerol 
at a content of less than or equal to 20 g of cyclic oligomer/kg of 

10 composition. 

The composition (11) obtained at the end of step a) may optionally be 
cooled prior to step b). 

In the process for manufacturing the composition according to the 
invention, steps (a) and (b) allows to generate a composition comprising glycerol 
15 and at least one cyclic oligomer of glycerol at a content greater than or equal to 
0.01 g of cyclic oligomer/kg of composition. 

Step (a) may be carried out in any type of reactor, such as for example a 
plug flow reactor or a stirred reactor. 

Step (a) may be carried in continuous mode or in discontinuous mode. 
20 Step (b) may be carried out in any type of distillation columns like for 

instance, plate columns or packed colunms. 

Step (b) may be carried out in any type of evaporator like for instance, 
batch evaporators, thin film evaporators or wiped thin film evaporators. 

Step (b) may be carried in continuous mode or in discontinuous mode. 
25 In the process for manufacturing the composition according to the 

invention, the composition used in step (a) has a content of cyclic oligomer of 
glycerol often less than or equal to 0.005 g/kg and frequently less than or equal 
to 0.001 g/kg. 

In the process for manufacturing the composition according to the 
30 invention, the heating operation of step (a) is carried out at a temperature often 
greater than 50^C, frequently greater than or equal to 100°C, routinely greater 
than or equal to 150°C and specifically greater than or equal to 175°C. 

In the process for manufacturing the composition according to the 
invention, the heating operation of step (a) is carried out under a pressure 
35 generally greater than or equal to 0.01 bar absolute, often greater than or equal to 
0.5 bar absolute and frequently greater than or equal to 0.2 bar absolute. 
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In the process for manufacturing the composition according to the 
invention, the duration of the heating operation of step (a) is generally less than 
or equal to 8 h, often less than or equal to 6 h and frequently less than or equal to 
4 h. This duration is generally greater than or equal to 5 minutes, frequently 
5 greater than or equal to 1 5 minutes, particularly greater than or equal to 
60 minutes and specifically greater than or equal to 120 minutes. 

In the process for manufacturing the composition according to the 
invention, the distillation or the evaporation operation of step (b) is carried out at 
a temperature usually greater than 80°C, frequently greater than or equal to 
10 lOO'^C, routinely greater than or equal to 1 lO^^C and specifically greater than or 
equal to 130°C. This temperature is generally lower often greater than 250°C\ 
frequently lower than or equal to 200°C, routinely lower than or equal to 190°C 
and specifically lower than or equal to 180°C. 

In the process for manufacturing the composition according to the 
15 invention, the distillation or evaporation operation of step (b) is carried out under 
a pressure generally greater than or equal to 0.01 mbar absolute, often greater 
than or equal to 0.1 mbar absolute and frequently greater than or equal to 1 mbar 
absolute. This pressure is generally lower than or equal to 0.4 bar absolute, often 
lower than or equal to 60 mbar absolute and frequently lower than or equal to 20 
20 mbar absolute. 

In the process for manufacturing the composition according to the 
invention, the temperature of the optional cooling of composition (II) prior to 
step (b) is generally less than or equal to SO^'C, often less than or equal to TO^'C 
and more preferably less than or equal to 60**C. 
25 The cooling operation is generally carried out over a duration less than or 

equal to 60 min, often less than or equal to 30 min, and frequently less than or 
equal to 1 5 min. 

In the process according to the invention the basic compound of step (a) 
may be an organic or inorganic basic compound. Organic basic compounds arc 

30 for example amines, phosphines, ammonium, phosphonium or arsonium 

hydroxides and alkali and alkaline-earth metal carboxylates. Inorganic basic 
compounds are preferred. The expression "inorganic compounds*' is understood 
to mean compounds which do not contain a carbon-hydrogen bond. The 
inorganic basic compound may be chosen ftx>m alkali and alkaline-earth metal 

35 oxides, hydroxides, carbonates, hydrogen carbonates, phosphates, hydrogen 
phosphates and borates, and mixtures thereof. Alkali and alkaline-earth metal 
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oxides and hydroxides are preferred. Sodium and calcium hydroxides are 
preferred and sodium hydroxide is particularly preferred. 

In the process according to the invention, the basic compound of step (a) 
may be in the form of a liquid, an essentially anhydrous solid, a hydrated solid, 
5 an aqueous and/or organic solution or an aqueous and/or organic suspension. 

The basic compound is preferably in the form of an essentially anhydrous solid, a 
hydrated solid, an aqueous solution or an aqueous suspension. Sodium 
hydroxide solutions are preferred. 

Under these conditions of step (a), the degree of conversion of the glycerol, 
10 defined as the ratio between the amount of glycerol converted at the end of step 
(a) and the amount of glycerol used in step (a), is generally less than or equal to 
5%, often less than or equal to 3%, more often less than 1% and frequently less 
than or equal to 0. 1%. 

The glycerol in the composition subjected to step (a) may have been 
1 5 produced starting from fossil raw materials and/or renewable raw materials, 
preferably starting from renewable raw materials, as described in 
WO 2005/054167 of SOLVAY SA, the content of which is incorporated herein 
by reference, and especially the passages from page 1, line 26, to page 4, line 2, 
and such as defined in Application WO 2006/1003 12 in the name of Solvay SA, 
20 from page 1, line 26 to page 2, line 5, the content of which is incorporated here 
by reference, and as described in WO2009/000773 of SOLVAY SA, the content 
of which is incorporated herein by reference, and especially the passages at page 
10, lines 16 to 23, and at page 11, lines 4 to 25. Glycerol obtained starting from 
renewable raw materials is, for example, glycerol obtained in processes for 
25 conversion of animal or plant oils and/or fats, such as hydrolysis, saponification, 
transesterification, aminolysis or hydiogenation processes and enzymatic rupture 
processes, such as transesterification or hydrolysis with lipase-type enzymes, 
such as described in "Medium and Long-Term Opportunities and Risks of the 
Biotechno logical Production of Bulk Chemicals from Renewable Resources, The 
30 Potential of White Biotechnology, The BREW Project, Final report Prepared 
under the European Commission's GROWTH Programme (DG Research), 
Utrecht, September 2006, pp. 29-31". Glycerol obtained starting from renewable 
raw materials is, for example, glycerol obtained in processes for conversion of 
mono- and polysaccharides and derived alcohols, such as fermentation, and 
35 thermochemical processes such as hydrogenation and hydrogenolysis, as 
described in "Industrial Bioproducts: Today and Tomorrow, Energetics, 
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Incorporated for the U.S. Department of Energy, Office of Energy Efficiency and 
Renewable Energy, Office of the Biomass Program, July 2003, pages 49, 52 to 
56". Mono- and polysaccharides, such as for example, starch, cellulose, 
hemicellulose, sucrose, lactose, glucose, galactose, maltose, allose, altrose, 
5 mannose, gulose, idose, talose, xylose, arabinose, ribose and lyxose may 
themselves be obtained from biomass. 

In the process according to the invention, the treatment from optional step 
c) may be chosen from evaporative concentration, evaporative crystallization, 
distillation, fractional distillation, stripping and liquid/liquid extraction 
10 operations and combinations of at least two of these operations. 

This treatment may be carried out under reduced pressure. 
The term "evaporative concentration** is understood to mean a process of 
partial evaporation of the product which makes it possible to concentrate the 
residual product to less volatile entities. The term "evaporative crystallization'* is 
15 understood to mean a process resulting in the crystallization of a compound by 
removing, by vaporization, a compound that promotes its dissolution in the 
medium. These processes are described in "Perry's Chemical Engineers' 
Handbook" in the 1 1*^ section of the 7*^ edition. 

The term ''distillation** is understood to mean the type of separation 
20 conventional in chemical engineering and described, for example, in "Perry's 
Chemical Engineers' Handbook" in the 13* section of the 7*^ edition. 

The term ''fractional distillation" is understood to mean a series of 
distillations where the distillate is withdrawn batchwise. 

The term ''stripping*' is understood to mean the separation of a substance 
25 by entrainment using the vapour of a pure material. In the process according to 
the invention, this material can be any compound which is inert with respect to 
glycerol, such as, for example, steam, air, nitrogen and carbon dioxide. 

The term "liquid/liquid extraction" is understood to mean bringing into 
contact with an appropriate completely or partially immiscible solvent that 
30 makes it possible to selectively extract the desired compounds, optionally 
according to a countercurrent process, as described in "Perry's Chemical 
Engineers' Handbook" in the 15* section of the 7* edition. 

The stripping, evaporative concentration, evaporative crystallization, 
liquid/liquid extraction and distillation treatments may be combined, for example 
35 in a stripping column surmounted by a distillation section or in a partial 

evaporator supplying a distillation colunm or by combining a liquid/liquid 
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extraction, stripping of the residual solvent contained in the glycerol-enriched 
stream and distillation of the solvent enriched with extracted compounds. 

The diols, monoalcohols and the glycerol alkyl ethers arc recovered in the 
first distilled, evaporated or stripped fraction, the purified glycerol-based 
5 composition comprising at least one cyclic oligomer of glycerol according to the 
invention constitutes an intermediate cut from the distillation, evaporation or 
stripping treatment. Glycerol containing non cyclic glycerol oligomers constitute 
the residue from the treatment of step (c) of the invention. 

When the treatment consists of a partial evaporation of the product, the 

10 temperature of the intermediate cut from the glyccrol-rich distillation treatment is 
generally greater than or equal to 0°C, often greater than or equal to SO^^C and 
frequently greater than or equal to lOOX. This temperature is generally less 
than or equal to 280°C, often less than or equal to 250''C, and frequently less 
than or equal to 200°C. The boiling point of the first glycerol-dcplctcd distilled 

1 5 fraction is generally greater than or equal to -20°C, often greater than or equal to 
-10°C, frequently preferably greater than or equal to 0°C. This temperature is 
generally at most equal to the temperature of the intermediate cut from the 
glycerol-rich distillation treatment, often at least 5°C below this temperatiu-e, 
particularly at least 10**C below this temperature. 

20 When the treatment is carried out by liquid/liquid extraction, the 

temperature is generally greater than or equal to 20°C, often greater than or equal 
to 40°C, and frequently greater than or equal to 50°C. This temperature is 
generally less than or equal to 200*^0, often less than or equal to 150°C and 
particularly less than or equal to 120°C. 

25 The treatment pressure is generally greater than or equal to 0.001 mbar. 

This pressure is generally less than or equal to 1 bar, often less than or equal to 
0.5 bar, frequently less than or equal to 0.3 bar and more specifically less than or 
equal to 0.25 bar. When the treatment comprises a separate evaporation step, the 
latter is generally carried out at a pressure less than or equal to 2 bar absolute, 

30 often at a pressure less than or equal to 1 bar absolute, and frequently at a 

pressure less than or equal to 0.5 bar absolute. It is generally carried out at a 
pressure greater than or equal to 0.1 mbar, often at a pressure greater than or 
equal to 0.2 mbar. When the evaporation step is combined with a distillation or 
fractional distillation step, it is carried out at a pressure at least equal to the 

35 pressure of the step carried out at the lowest pressure, often at a pressure at least 
10 mbar greater than the pressure of the step carried out at the lowest pressure. 
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The stripping step is generally carried out at a pressure less than or equal to 
5 bar, frequently less than or equal to 2 bar. 

In the distillation treatments with or without stripping, the reflux ratio is 
generally greater than or equal to 1%, often greater than or equal to 5% and 
5 frequently greater than or equal to 1 0%. This reflux ratio is less than or equal to 
99% and often less than or equal to 50%. The expression "reflux ratio" is 
understood to mean, for a continuous distillation, the flow of the vaporized 
fraction to the reboiler over the flow of the residue. 

The expression "reflux ratio" is understood to mean, for a batchwise, 
10 fractional distillation, the ratio of the amount vaporized relative to the final 
residue. 

The amount of the fraction distilled is generally less than or equal to 
300 g/kg, often less than or equal to lOOg^g of the composition comprising 
glycerol. 

15 The distillation, fractional distillation or stripping treatment may be 

preceded or followed by an operation which may, for example, be a settling, 
centrifugation, filtration, adsorption or ion-exchange operation. When it is a 
settling operation, the operation can be improved by passing through a coalescer. 
The adsorption operation is often an operation for adsorption on activated 

20 carbon. 

The invention furthermore relates to a process for manufacturing 
dichloropropanol in which at least one composition comprising glycerol and at 
least one cyclic oligomer of glycerol at a content greater than or equal to 0.01 
and less than or equal to 20 g of cyclic oligomer/kg of composition, is reacted 
25 with a chlorinating agent. 

The invention also relates to the use of a composition con^rising glycerol 
and at least one cyclic oligomer of glycerol at a content greater than or equal to 
0.01 and less than or equal to 20 g of cyclic oligomcr/kg of composition, for the 
manufacture of dichloropropanol, 
30 The composition comprising glycerol and at least one cyclic oligomer of 

glycerol at a content greater than or equal to 0.01 and less than or equal to 20 g 
of cyclic oligomer/kg of composition may be as described above. 

In the process for manufacturing dichloropropanol according to the 
invention, the chlorinating agent generally comprises hydrogen chloride. The 
35 hydrogen chloride can be gaseous hydrogen chloride, an aqueous hydrogen 
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chloride solution or a mixture of the two. The chlorinating agent is preferably 

gaseous hydrogen chloride. 

In the process for manufacturing dichloropropanol according to the 

invention, the chlorinating agent may be such as described in Patent Applications 
5 WO 2007/144335, from page 12, line 34 to page 13, line 35, WO 2005/054167, 

from page 4, line 32 to page 5, line 18, and WO 2006/1061 53, from page 2, line 

10 to page 3, line 20, all in the name of SOLVAY SA, the contents of which are 

incorporated here by reference. 

When the chlorinating agent is hydrogen chloride, the hydrogen chloride 
10 may be purified such as described in FR 08/56138 of SOLVAY SA, the content 

of which is incorporated herein by reference, especially the passages from 

page 2, line 33, to page 16, line 21 . 

In the process for manufacturing dichloropropanol according to the 

invention, the reaction with the chlorinating agent may be carried out in a 
1 5 reaction medium such described in WO 2006/ 1 06 1 54 of SOLVAY S A, the 

content of which is incorporated herein by reference, especially the passages 

from page 14, line 15, to page 17, line 10. 

In the process for manufacturing dichloropropanol according to the 

invention, the composition comprising the glycerol and the cyclic oligomer of 
20 glycerol may be treated such described in FR 08/58362 of SOLVAY SA, the 

content of which is incorporated herein by reference, especially the passages 

from page 6, line 4, to page 11, hne 26. 

In the process for manufacturing dichloropropanol according to the 

invention, the reaction with the chlorinating agent may be carried out in the 
25 presence of a catalyst, preferably a carboxylic acid or a carboxylic acid 

derivative, such as described in Patent Application WO 2005/054167, from page 

6, line 24 to page 7, line 35 in the name of SOLVAY SA, and in Application 

WO 2006/020234, from page 8, line 24 to page 9, line 10, and from page 13, line 

1 to page 18, line 3, the contents of which are incorporated here by reference. 
30 Succinic, glutaric, adipic, suberic, sebacic, dodecanoic, citric and 

butanetetracarboxylic acids and derivatives thereof such as acid chlorides, 

anhydrides, esters, salts, amides and nitrites are examples of catalysts. 

In the process for manufacturing dichloropropanol according to the 

invention, the reaction with the chlorinating agent may be carried out for a 
35 catalyst concentration, at a temperature, at a pressure and at a residence time 

such described in WO 2005/054167 of SOLVAY SA, the content of which is 
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incorporated herein by reference, especially the passages fronn page 8, line 1 , to 
page 10, line 10. 

In the process for manufacturing dichloropropanol according to the 
invention, the reaction with the chlorinating agent may be carried out such 
5 described in WO 2007/054505 of SOLVAY SA, the content of which is 

incorporated herein by reference, especially the passages from page 1, line 24 to 
page 6, line 18. 

In the process for manufacturing dichloropropanol according to the 
invention, the reaction with the chlorinating agent may be carried out in the 
1 0 presence of a solvent such described in WO 2005/054 1 67 of SOLVAY SA, the 
content of which is incorporated herein by reference, especially the passages at 
page 1 1 , line 1 2 to 36. Oligomers of glycerol are not considered as such by- 
products. 

In the process for manufacturing dichloropropanol according to the 

1 5 invention, the reaction with the chlorinating agent may be carried out in the 

presence of a liquid phase comprising heavy compounds other than glycerol such 
described in WO 2006/100316 of SOLVAY SA, the content of which is 
incorporated herein by reference, especially the passages at page 2, lines 18 to 25 
and from page 15, line 32, to page 17, line 33. 

20 In the process for manufacturing dichloropropanol according to the 

invention, the reaction with the chlorinating agent may be carried out under 
stirring with a stirring system such described in WO2008/145729 of 
SOLVAY SA, the content of which is incorporated herein by reference, 
especially the passages from page 1, line 30, to page 2, line 33, and from page 6, 

25 line 22, to page 14, line 3 1 . 

In the process for manufacturing dichloropropanol according to the 
invention, the reaction with the chlorinating agent may be carried out in a liquid 
reaction medium such described in WO 2006/106154 of SOLVAY SA, the 
content of which is incorporated herein by reference, especially the passages 

30 from page 1, line 29, to page 2, line 6, and from page 14, line 15, to page 17, 
line 10. 

In the process for manufacturing dichloropropanol according to the 
invention, the reaction with the chlorinating agent may be carried out in a reactor 
the feeding of which is described in WO 2008/107468 of SOLVAY SA, the 
35 content of which is incorporated herein by reference, especially the passages 
from page 1 , line 29, to page 4, line 27, and from page 5, line 34, to page 9, 
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The process for manufacturing dichloropropanol according to the invention 
may be carried in equipments made of or coated with materials which are 
resistant to the corrosion by the chlorinating agent under the process conditions, 
5 such as described in WO 2005/054167 of SOLVAY SA, the content of which is 
incorporated herein by reference, especially the passages from page 6, line 3 to 
23. 

The process for manufacturing dichloropropanol according to the invention 
may be carried in equipments made of or coated with materials which are 
10 resistant to the corrosion by the chlorinating agent under the process conditions, 
such as described in WO 2006/100317 of SOLVAY SA, the content of which is 
incorporated herein by reference, especially the passages from page 23, line 22, 
to page 27, line 25. 

Polyarylcthcrctherkctones (PEEK) and copolymers of ethylene and 
15 chlorotrifluoroethylene (E-CTFE) are examples of polymers which are 
particularly convenient as material for equipments for the process for 
manufacturing dichloropropanol by hydrochlorination of glycerol. 

The process for manufacturing dichloropropanol according to the invention 
may be carried in equipments made of or coated with materials which are 
20 resistant to the corrosion by the chlorinating agent under the process conditions, 
such as described in PCT/EP2008/062845 of SOLVAY SA, the content of which 
is incorporated herein by reference, especially the passages from page 1 , line 30, 
to page 9, line 17, and from page 19, line 25, to page 20, line33. 

In the process for manufacturing dichloropropanol according to the 
25 invention, the chlorination reaction is preferably carried out in a liquid reaction 
medium. 

In the process for manufacturing dichloropropanol according to the 
invention, the chlorination reaction may be carried out in the presence of a 
solvent. 

30 In the process for manufacturing dichloropropanol according to the 

invention, the dichloropropanol formed can be separated from the other 
constituents of the reaction medium by any separation treatment, for example by 
distillation, stripping, extraction or adsorption. After this treatment, the other 
constituents of the reaction medium may be subjected to supplementary 

35 separation treatments. Among the other constituents of the reaction medium are 
heavy products such as, for example, various chlorinated and/or esterified 
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isomers of glycerol oligomers. The chlorinated and/or esterified isomers of 
glycerol oligomers and, in particular, the chlorinated and/or esterified cyclic 
glycerol oligomers and more particularly the chlorinated and/or esterified cyclic 
dimers of glycerol furthermore contribute significantly to the increase in the 

5 content of heavy compounds of the reaction medium, necessitating an increase in 
the frequency of the purges of the reaction medium. 

The advantage of using a composition comprising glycerol and cuclic 
oligomers of glycerol according to the invention for the manufacture of 
dichloropropanol is the controlled formation of these heavy products, in 

10 particular of chlorinated and/or esterified oligomers of glycerol , more 

particularly of chlorinated and/or esterified cyclic oligomers of glycerol, and still 
more particularly of chlorinated and/or esterified cyclic dimers of glycerol with, 
as a result, a reduction in the frequency of the purging operations. 

In the process for manufacturing dichloropropanol according to the 

1 5 invention, a separation of dichloropropanol from the other compounds of the 
reaction mixture may be carried out such described in WO 2005/0541 67 of 
SOLVAY SA, the content of which is incorporated herein by reference, 
especially the passages from page 12, line 1, to page 17, line 20. 

In the process for manufacturing dichloropropanol according to the 

20 invention, a separation of dichloropropanol from the other compounds of the 
reaction mixture may be carried out such described in WO 2006/100312 of 
SOLVAY SA, the content of which is incorporated herein by reference, 
especially the passages at page 2, lines 3 to 10, at page 20, line 28 to page 28. 
line 20, 

25 In the process for manufacturing dichloropropanol according to the 

invention, a separation of dichloropropanol from the other compounds of the 
reaction mixture may be carried out according to methods such described in 
WO 2006/100313 of SOLVAY SA, the content of which is incorporated herein 
by reference, especially the passages at page 2, lines 1 to 23, and from page 21, 

30 line 7, to page 25, line 25. 

In the process for manufacturing dichloropropanol according to the 
invention, a separation of dichloropropanol from the other compounds of the 
reaction mixture may be carried out according to methods such described in 
WO 2006/100314 of SOLVAY SA, the content of which is incorporated herein 

35 by reference, especially the passages at page 2, lines 6 to page 3, line 4, and from 
page 18, line 33, to page 22, line 29. 
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In the process for manufacturing dichloropropanol according to the 
invention, a separation of dichloropropanol from the other compounds of the 
reaction mixture may be carried out according to methods such described in 
WO 2006/100320 of SOLVAY SA, the content of which is incorporated herein 
5 by reference, especially the passages from page 1 , line 30, to page 2, line 23 and 
from page 6, line 25, to page 10, line 28. 

In the process for manufacturing dichloropropanol according to the 
invention, a separation of dichloropropanol from the other compounds of the 
reaction mixture may be carried out according to methods such described in 
10 WO 2006/1003 1 5 of SOLVAY SA, the content of which is incorporated herein 
by reference, especially the passages at page 2, lines 3 to 29, and fix)m page 23, 
line 3, to page 24, line 1 3. 

In the process for manufacturing dichloropropanol according to the 
invention, a separation of dichloropropanol from the other compounds of the 
1 5 reaction mixture may be carried out according to methods such described in 

WO2008/1 10588 of SOLVAY SA, the content of which is incorporated herein 
by reference, especially the passages from page 1, line 31, to page 27, line 25. 

In the process for manufacturing dichloropropanol according to the 
invention, the dichloropropanol is generally obtained as a mixture of 1,3- 
20 dichloropropan-2-ol and 2,3-dichloropropan-l-ol isomers such described in 

WO 2006/100319 of SOLVAY SA, the content of which is incorporated herein 
by reference, especially the passages from page 23, line 34, to page 24, line 29. 

In the process for manufacturing dichloropropanol according to the 
invention, the dichloropropanol may contain halogenated ketones such described 
25 in WO 2006/10031 1 of SOLVAY SA, the content of which is incorporated 

herein by reference, especially the passages at page 2, lines 22 to 34, and from 
page 22, line 8, to page 23, line 35. 

In the process for manufacturing dichloropropanol according to the 
invention, water which have been in contact wdth equipment walls may be 
30 treated such described in FR 08/56059 of SOLVAY SA, the content of which is 
incorporated herein by reference, especially the passages from page 1 , line 7, to 
page 16, line 34. 

In addition, the invention relates to a process for manufacturing 
epichlorohydrin in which the dichloropropanol obtained according to the process 
35 for manufacturing dichloropropanol according to the invention, is subjected to a 
dehydrochlorination reaction. 
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The process for manufacturing epichlorohydrin by dehydrochlorination of 
dichloropropanol according to the invention may be carried out under conditions 
such as described in the International application WO 2005/054167 in the name 
of SOLVAY SA, the content of which is incorporated herein by reference, more 

5 specifically, the passage on page 19, line 12 to page 22, line 30. 

The process for manufacturing epichlorohydrin by dehydrochlorination of 
dichloropropanol according to the invention may be carried out under conditions 
such as described in the International application WO 2006/1003 1 1 in the name 
of SOLVAY SA, the content of which is incorporated herein by reference, more 

10 specifically, the passage on page 2, lines 22 to 25, and on page 22, line 28 to 
page 23, line 35. 

The process for manufacturing epichlorohydrin by dehydrochlorination of 
dichloropropanol according to the invention may be carried out under conditions 
such as described in the International application WO 2008/101866 in the name 
1 5 of SOLVAY SA, the content of which is incorporated herein by reference, more 
specifically, the passage from page 2, line 1 to page 13, line 16. 

The process for manufacturing epichlorohydrin by dehydrochlorination of 
dichloropropanol according to the invention may be carried out under conditions 
such as described in the International application WO 2008/152045 in the name 
20 of SOLVAY SA, the content of which is incorporated herein by reference, more 
specifically, the passage from page 9, line 22 to page 13, line 3 1 . 

The process for manufacturing epichlorohydrin by dehydrochlorination of 
dichloropropanol according to the invention may be carried out under conditions 
such as described in the International application WO 2008/152043 in the name 
25 of SOLVAY SA, the content of which is incorporated herein by reference, more 
specifically, the passage from page 6, line 16 to page 7, line 22. 

The process for manufacturing epichlorhydrin by dehydrochlorination of 
dichloropropanol according to the invention may be integrated in a global 
scheme for preparing a chlorohydrin such as described in WO 2006/106155 in 
30 the name of SOLVAY SA, the content of which is hereby incorporated by 
reference, more specifically the passages at page 2, lines 26 to 3 1, and from 
page 22, line 10 to page 23, line 19. 

The process for manufacturing epichlorhydrin by dehydrochlorination of 
dichloropropanol according to the invention may also be carried out such as 
35 described in WO 2006/1003 1 8 in the name of SOLVAY SA, the content of 
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which is hereby incorporated by reference, more specifically the pasiiages at page 
2, lines 23 to page 3, line 26, and from page 24, line 17 to page 31, line 18. 

The process for manufacturing epichlorhydrin by dchydrochlorination of 
dichloropropanol according to the invention may also comprise a step of treating 
5 water effluents such as described in EP 08150925.9 in the name of 

SOLVAY SA, the content of which is hereby incorporated by reference, more 
specifically the passages from page 1, line 18 to page 12, line 10. 

In the process for manufacturing epichlorhydrin by dchydrochlorination of 
dichloropropanol according to the invention, another part of the dichloropropanol 
10 may be obtained by a process other than glycerol chlorination. This process may 
be chosen from allyl chloride hypochlorination and allyl alcohol chlorination 
processes. 

Moreover, the invention relates to cpichlorohydrin which may be obtained 
by subjecting the dichloropropanol obtained according to the invention to a 
1 5 dehydrochlorination reaction. 

The cpichlorohydrin according to the invention comprises generally at least 
one other compound, as an impurity, that cpichlorohydrin itself That 
compounds can be selected from: 

- compounds of crude formula C3H3CI3, C4H7CIO, C4H7CIO2, C4H8O, C5H10O, 
20 CeHsOz, C6H9CI3, C6H9CI3O2, CeHioO, CeHjoOs, CeHioCh, CeHnO, CaHijBr, 

C6HI4O, CtHioO, C7HI4O2, C9H9CI3, C9H,o02, C9HI5CI5O, C9H,5Cl202 and 
C9HJ7CI3O4 

- hydrocarbons, in particular, methylcyclopentane and ethylbenzene 

• ketones, in particular, acetone, cyclopentanone, 2-butanone, cyclohexanone, 
25 2,3-pentanedione, 2-methyl-2-cyciopenten-l-one, 3,5-dimcthyl-2- 

cyclohexene-l-one, ketones of crude formula C5H10O, CeHuO and C9H10O2, 
1 -phenoxy-2-propanone, hydroxyacetone 

• halogenated ketones comprising from 3 to 18 carbon atoms, more specifically, 
chlorinated ketones and yet more specifically, chloroacetonc and 

30 chlorobutanones, 

> aldehydes, in particular, acetaldehyde, isobutanal, isopentanal, hexanal and 
acrolein, 

• ethers, in particular 

o chloroethers, more specifically chlorinated ethers of crude formula 
35 C6HUCIO4, C6H,oCl202, C6H12CI2O, C6H,2Cl203, C6H12CI2O3 and 

C6HnCl302, 
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o alkyl glycidyl ethers, more specifically, methyl glycidyl ether, ethyl 
glycidyl ether, propyl glycidyl ethers, butyl glycidyl ethers, diglycidyl 
ether, and yet more specifically methyl glycidyl ether, 

o cyclic ethers and more specifically oxetane and epoxides among which 
5 more specifically glycidol, bromocpoxypropane, dichlorocpoxypropane, 

1 ,2-epoxyhexane, propylene oxide and 2,3-epoxy-butane, 

• alcohols, more specifically 

o aliphatic alcohols, such as 1-propanol, 2-propanol, allyl alcohol and 
glycerol, 

10 o aromatic alcohols such as phenol, 

• halogenated hydrocarbons, more specifically halogenated aliphatic 
hydrocarbons, and still more specifically, 

o bromochloromethanes, such as dibromochloromethane, 

o chloromcthanes such as dichloFomcthanc, trichloromethanc and 

1 5 tetrachloromethane, 

o dichloroethanes such as 1,1-dichloroethane and 1 ,2-dichloroethane, 

o trichloropropanes, such as 1,2,3-trichloropropane, 1,1,3-trichloropropane, 

1 , 1 ,2-trichloropropane ans 1,2,2-trichloropropane, 
o dichloropropanes such as 1,3-dichloropropane, 1,2-dichioropropane and 

20 2,2-dichloropTopane, 

o monochloropropanes such as 2-chloropropane and 1-chloropropane, 
o trichloropropenes such as 1,3,3-trichloropropenes cis and trans, 1,2,3- 

trichloropropcnes cis and trans, and 1 ,1,3-trichloropropene, 
o dichloropropenes such as 1,3-dichloro-l-propenes cis and trans, 3,3- 

25 dichloro- 1 -propenc and 2,3-dichloro- 1 -propene, 

o monochloropropenes, such as 2-chloro-l -propene, 1-chloro-l -propene cis 
and trans and 3-chloro-l -propene, 

• halogenated hydrocarbons, more specifically halogenated aromatic 
hydrocarbons, and yet more specifically 

30 o chlorobenzenes, such as monochlorobcnzcne, dichlorobenzenes, 
trichlorobenzenes, tetrachlorobenzenes, pentachlorobenzene and 
hexachlorobenzene, 
o chloronaphthalenes, such as monochloronaphthalenes, 

dichloronaphthalenes, trichloronaphthalenes, tetrachloronaphthalenes, 

35 pentachloronaphthalenes and hexachloronaphthalenes, 

• chloroalcools, more specifically. 
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5 



o 



o 



o 



2-chloroethanol, 

monochloropropanediols, such as 3-chloro-l,2-propanediol and 2-chloro- 
1,3-propancdiol, 

dichloropropanols, such as 1 ,3-dichloro-2-propanol and 2,3-dichloro-l- 
propanol 



o bromochloropropanols 

o monochloropropanols, such as 3-chloro-l-propanol, 

• monochloropropenols such as 2-chloro-2-propene-l-ol and 3-chloro-2- 
propene-l-ol cis and trans 

10 ■ water, 

• salts such as sodium chloride, calcium chloride and sodium hydroxide. 

The contents of those impurities in the epichlorohydrin according to the 
invention are such as described in the International application WO 2006/1003 1 1 
of SOL V AY SA, the content of which is incorporated herein by reference, more 
1 5 specifically the passage from page 22, lines 8 to 1 2. 

The contents of those impurities in the epichlorohydrin according to the 
invention are such as described in the International application WO 2008/101866 
of SOL V AY SA, the content of which is incorporated herein by reference, more 
specifically passages from page 13, line 28, to page 16, line 15, on page 16, 
20 lines 28 to 33, and on page 17, lines 10 tol3, and in Table 1, page 21, in Table 2, 
page 22, in Table 3, page 23, in Table 4, page 24, and in Table 6, page 25 and 26. 

The contents of those impurities in the epichlorohydrin according to the 
invention are such as described in the International application WO 2008/1 52045 
of SOLVAY SA, the content of which is incorporated herein by reference, more 
25 specifically passages from page 2, line 29, to page 9, line 21, from page 14, line 
1 to page 17, line 14, and in Table 1, pages 63 and 64, in Table 6, pages 70 and 
71, and in Table 7, pages 74 and 75. 

The contents of those impurities in the epichlorohydrin according to the 
invention arc such as described in the International application WO 2008/152044 
30 of SOLVAY SA, the content of which is incorporated herein by reference, more 
specifically passages on page 2, line 14 to page 10, line 14, and in Table 1, 
pages 44 and 45. in Table 6, pages 51 and 52, and in Table 7, pages 55 and 56. 

The content of compound of crude formula C4H7CIO in the 
epichlorohydrin according to the invention is generally higher than or equal to 
35 0.001 mg/kg. This content is generally lower than or equal to 0.5 g/kg, often 
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lower than or equal to 0.1 g/kg, frequently lower than or equal to 0.05 g/kg and 
more specifically lower than or equal to 0.0 1 g/kg. 

The content of compound of crude formula C5H10O in the cpichlorohydrin 
according to the invention is generally higher than or equal to 0.001 mg/kg. This 
5 content is generally lower than or equal to 0.5 g/kg, often lower than or equal to 
0.1 g/kg, frequently lower than or equal to 0.05 g/kg and more specifically lower 
than or equal to 0.0 1 g/kg. 

The content of compound of crude formula C6H10O3 in the epichlorohydrin 
according to the invention is generally higher than or equal to 0.001 mg/kg. This 
10 content is generally lower than or equal to 0.5 g/kg, often lower than or equal to 
0.1 g/kg, frequently lower than or equal to 0.05 g/kg and more specifically lower 
than or equal to 0.01 g/kg. 

The content of compound of crude formula C6H12O in the cpichlorohydrin 
according to the invention is generally higher than or equal to 0.001 mg/kg. This 
15 content is generally lower than or equal to 0.5 g/kg, often lower than or equal to 
0.1 g/kg, frequently lower than or equal to 0.05 g/kg and more specifically lower 
than or equal to 0.01 g/kg. 

The content of 2,3-pentanedione in the epichlorohydrin according to the 
invention is generally higher than or equal to 0.001 mg/kg. This content is 
20 generally lower than or equal to 0.8 g/kg, usually lower than or equal to 0.6 g/kg, 
in many cases lower than or equal to 0.5 g/kg, often lower than or equal to 
0.4 g/kg, commonly lower than or equal to 0.2 g/kg, frequently lower than or 
equal to 0.05 g/kg, specifically lower than or equal to 0.01 g/kg, and more 
specifically lower than or equal to 0.001 g/kg. 
25 The content of chlorobutanonc in the epichlorohydrin according to the 

invention is generally higher than or equal to 0.001 mg/kg. This content is 
generally lower than or equal to 0.8 g/kg, usually lower than or equal to 0.6 g/kg, 
in many cases lower than or equal to 0.5 g/kg, often lower than or equal to 
0.4 g/kg, conunonly lower than or equal to 0.2 g/kg, frequently lower than or 
30 equal to 0.05 g/kg, specifically lower than or equal to 0.01 g/kg, and more 
specifically lower than or equal to 0.001 g/kg. 

The content of hexanal in the epichlorohydrin according to the invention is 
generally higher than or equal to 0.001 mg/kg. This content is generally lower 
than or equal to 0.8 g/kg, usually lower than or equal to 0.6 g/kg, in many cases 
35 lower than or equal to 0.5 g/kg, often lower than or equal to 0.4 g/kg, commonly 
lower than or equal to 0.2 g/kg, frequently lower than or equal to 0.05 g/kg. 
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specifically lower than or equal to 0.01 g/kg, and more specifically lower than or 
equal to 0.001 g/kg. 

The content of chloroether of crude formula C6H13CIO4 in the 
epichlorohydrin according to the invention is generally higher than or equal to 

5 0.001 mg/kg. This content is generally lower than or equal to 0.8 g/kg, usually 
lower than or equal to 0,6 g/kg, in many cases lower than or equal to 0,5 g/kg, 
often lower than or equal to 0.4 g/kg, conunonly lower than or equal to 0.2 g/kg, 
frequently lower than or equal to 0.05 g/kg, specifically lower than or equal to 
0.01 g/kg, and more specifically lower than or equal to 0.001 g/kg. 

10 The content of chloroether of crude formula C6H12CI2O3 in the 

epichlorohydrin according to the invention is generally higher than or equal to 
0.001 mg/kg. This content is generally lower than or equal to 0.8 g/kg, usually 
lower than or equal to 0.6 g/kg, in many cases lower than or equal to 0.5 g/kg, 
often lower than or equal to 0.4 g/kg, commonly lower than or equal to 0.2 g/kg, 

1 5 frequently lower than or equal to 0.05 g/kg, specifically lower than or equal to 
0.01 g/kg, and more specifically lower than or equal to 0.001 g/kg. 

The content of diglycidyl ether in the epichlorohydrin according to the 
invention is generally higher than or equal to 0.001 mg/kg. This content is 
generally lower than or equal to 0.8 g/kg, usually lower than or equal to 0.6 g/kg, 

20 in many cases lower than or equal to 0.5 g/kg, often lower than or equal to 

0.4 g/kg, commonly lower than or equal to 0.2 g/kg, fi-equently lower than or 
equal to 0.05 g/kg, specifically lower than or equal to 0.01 g/kg, and more 
specifically lower than or equal to 0.001 g/kg. 

The content of 1-propanol in the epichlorohydrin according to the 

25 invention is generally higher than or equal to 0.001 mg/kg. This content is 

generally lower than or equal to 0.8 g/kg, usually lower than or equal to 0.6 g/kg, 
in many cases lower than or equal to 0.5 g/kg, often lower than or equal to 
0.4 g/kg, commonly lower than or equal to 0.2 g/kg, fi-equently lower than or 
equal to 0.05 g/kg, specifically lower than or equal to 0.01 g/kg, and more 

30 specifically lower than or equal to 0.001 g/kg. 

The content of 1,1-dichloroethane in the epichlorohydrin according to the 
invention is generally higher than or equal to 0.001 mg/kg. This content is 
generally lower than or equal to 0.8 g/kg, usually lower than or equal to 0.6 g/kg, 
in many cases lower than or equal to 0.5 g/kg, often lower than or equal to 

35 0.4 g/kg, conmionly lower than or equal to 0.2 g/kg, frequently lower than or 
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equal to 0.05 g/kg, specifically lower than or equal to 0.01 g/kg, and more 
specifically lower than or equal to 0.001 g/kg. 

The content of bromochloropropanols in the cpichlorohydrin according to 
the invention is generally higher than or equal to 0.001 mg/kg. This content is 
5 generally lower than or equal to 0.8 g/kg, usually lower than or equal to 0.6 g/kg, 
in many cases lower than or equal to 0.5 g/kg, often lower than or equal to 
0.4 g/kg, commonly lower than or equal to 0.2 g/kg, frequently lower than or 
equal to 0.05 g/kg, specifically lower than or equal to 0.01 g/kg, and more 
specifically lower than or equal to 0.001 g/kg. 

1 0 The content of bromocpoxypropanc in the cpichlorohydrin according to the 

invention is generally higher than or equal to 0.001 mg/kg. This content is 
generally lower than or equal to 0.8 g/kg, usually lower than or equal to 0.6 g/kg, 
in many cases lower than or equal to 0,5 g/kg, often lower than or equal to 
0.4 g/kg, commonly lower than or equal to 0.2 g/kg, frequently lower than or 

1 5 equal to 0.05 g/kg, specifically lower than or equal to 0.01 g/kg, and more 
specifically lower than or equal to 0.001 g/kg. 

The invention also relates to a process for manufacturing epoxy resins or 
glycidyl ethers or glycidyl esters or glycidyl amides or glycidyl imides or 
glycidyl amines or products that can be used a.s coagulants or water-resistant 

20 resins or cationization agents or flame retardants or ingredients for detergents or 
cpichlorohydrin elastomers or halogenated polycthers-polyols or 
monochloropropanediol, preferably 3-chloro-l,2-pn>panediol, in which the 
cpichlorohydrin according to the invention is subjected to a reaction with at least 
one compound chosen from monoalcohols, monocarboxylic acids, polyols, 

25 polyamincs, amino alcohols, polyimidcs, polyamidcs, polycarboxylic acids, 

ammonia, amines, polyaminoamides, polyimines, amine salts, phosphoric acid, 
phosphoric acid salts, phosphorus oxychlorides, phosphoric acid esters, 
phosphonic acids, esters of phosphonic acids, salts of phosphonic acids, 
phosphinic acids, esters of phosphinic acids, salts of phosphinic acids, phosphinc 

30 oxides, phosphines, ethoxylated alcohols, alkylene or phenylene oxides, and 
mixtures of at least two of these compounds, or in which the epichlorohydrin 
according to the invention is subjected to a homopolymerization reaction or in 
which epichlorohydrin is subjected to a reaction of oligomerisation, of co- 
oligomerisation, of condensation, of dehydrochlorination and of hydrolysis, with 

35 water, or with a di- or polyhydroxylated compound which may optionally be 

halogenated and/or have ether oxide bonds and/or double bonds capable of being 
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halogenated in a subsequent stage or wherein epichlorohydrin according to the 
invention is subjected to a reaction with water. 

In addition, the invention also relates to the use of the epichlorohydrin 
according to the invention in the manufacture of epoxy resins or glycidyl ethers 
5 or glycidyl esters or glycidyl amides or of glycidyl imides or of glycidyl amines 
or of products that can be used as coagulants or water-resistant resins or 
cationization agents or flame retardants or ingredients for detergents or 
epichlorohydrin elastomers or of halogenated polyethers-polyols or 
monochloropropanediol, preferably 3-chloro-l,2-propanediol. 
10 Epoxy resins or glycidyl ethers or glycidyl esters or glycidyl amides or of 

glycidyl imides or of glycidyl amines or of products that can be used as 
coagulants or water-resistant resins or cationization agents or flame retardants or 
ingredients for detergents or epichlorohydrin elastomers, may be obtained 
according to processes such as described in International application 
1 5 WO 2008/1 52045 in the name of SOLVAY SA, the content of which is 

incorporated herein by reference, more specifically the passage from page 32, 
line 6 to page 62, line 34. 

Epoxy resins or glycidyl ethers or glycidyl esters or glycidyl amides or of 
glycidyl imides or of glycidyl amines or of products that can be used as 
20 coagulants or water-resistant resins or cationization agents or flame retardants or 
ingredients for detergents or epichlorohydrin elastomers, may be obtained 
according to processes such as described in International application 
WO 2008/152044 in the name of SOLVAY SA, the content of which is 
incorporated herein by reference, more specifically the passage from page 13, 
25 line 22, to page 44, line 8. 

The halogenated polyethers-polyols can be used in the manufacture of rigid 
or semi-rigid polyurethane foams, more specifically in the manufacture of such 
fireproof polyurethane foams. 

The halogenated polyethers-polyols can be obtained by processes such as 
30 described in French patent application 2180138 in the name of SOLVAY & Cie, 
the content of which is incorporated herein by reference, more specifically the 
passage fit>m page 4, line 24, to page 7, line 19. 

The chlorinated polyether polyols forming the object of the invention may 
be obtained by oligomerisation, co-oligomerisation, condensation, 
35 dehydrochlorination, and hydrolysis, the starting materials comprising on the one 
hand epichlorohydrin and on the other hand water or di- or polyhydroxylated 
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compounds which may optionally be halogenated and/or have ether oxide bonds, 
and/or double bonds capable of being halogenated in a subsequent stage 
according to techniques well known to those versed in the art. 

A suitable mode of operation comprises hydrolysis in a diluted acid 
5 medium of di- or polyglycidyl ethers of epichlorohydrin oligomers of the general 
formula: 

\L CHgCl Jx L CHgCl Jy \ J z 

in which z is a number between 2 and 6, x and y represent numbers between 
0 and 12 such that the mean value x + y per chain is between 0 and 12 and that z 
(x + y), in which x + y represents the mean value of x + y in the entire molecule, 

15 is between 1 and 72, and Z represents an optionally halogenated saturated or 
unsaturated organic radical of valence z. 

This hydrolysis may be accompanied by secondary condensation reactions 
which lead to a lengthening of the chains with the formation of chlorinated 
polyether polyols containing more chlorine and less hydroxyl functions. 

20 It is not indispensable to separate these products, which are likewise 

chlorinated polyether polyols containing alpha -diol groups, the presence of 
which is not in any way harmful to the synthesis of further processed products. 

The hydrolysis of di- and polyglycidyl ethers of epichlorohydrin oligomers 
is advantageously effected in a nitric or perchloric acid medium. 

25 The amounts of water and acid to be used for the hydrolysis may vary to a 

considerable extent. They govern in particular the reaction period and also the 
rate of the secondary condensation reactions. It is advantageous to use from 1 .2 
10'^ to 2.5 10'^ moles of nitric acid and from 1 to 10 kg of water per mole of di- 
or polyglycidyl ether. 

30 The hydrolysis reaction is carried out with agitation at the boiling 

temperature of the reaction medium. The end of the reaction is detected by 
determination of the residual oxirannic oxygen. 

After cooHng, the reaction product may be in the form of a two-phase 
system, comprising an aqueous phase containing the chlorinated polyether 

35 polyols which are the lightest and have the most hydroxyl functions, and a dense 
water-saturated organic phase containing the halogenated polyether polyols 
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which are the heaviest and contain the most halogen. It is not indispensable to 
separate these two phases and to treat them separately in order to isolate the 
polycthcr polyols which they contain. 

The mode of operation described above is suitable for the production of 

5 polyether polyols halogenated "to measure" which have variable relative 

contents of halogen and hydroxy! functions which are determined by appropriate 
choice of the initial glycidyl ether and/or of the hydrolysis conditions. 

The di- and polyglycidyl ethers of epichlorohydrin oligomers are obtained, 
in a manner known per se, by dehydrochlorination in a alkaline medium of 

10 chlorinated polycthcr polyols having end chlorohydrin groups resulting from the 
oligomerisation of epichlorohydrin which is initiated by water or a di- or 
polyhydroxyl compound, which may be saturated or unsaturated, halogenated or 
non-halogenated, and of an aliphatic, alicyclic, or aromatic nature, 

A first type of di- and polyglycidyl ethers according to the formula above 

15 corrq)rises those the formula of which contains a non-halogenated radical Z. 
They are obtained by dehydrochlorination of chlorinated polyether polyols 
resulting from the catalytic oligomerisation of epichlorohydrin which is initiated 
by saturated or unsaturated polyols, such as ethyleneglycol, propyleneglycol, and 
hexamethyleneglycol, glycerine, butanetriol and hexanetriol, trimethylolpropanc, 

20 erythritol and pentaerythritol, mannitol and sorbitol, resorcinol, catechol, 

hydroquinone, bisphenol A, di- and tri-ethyleneglycol, di- or tri-propyleneglycol, 
2-butene-l,4-diol, 3-butene-l,2-diol, 2 butyene-l,4-diol, 3-butyne-l,2-diol, 1,5- 
hexadiene-3,4'-diol, 2,4-hexadienc-l,6-diol, l,5-hexadiyne-3,4-diol, 2,4- 
hexadiyne- 1 ,6-diol. 

25 The polyols which are particularly preferred arc the aliphatic polyols, 

particularly 2-butene-l,4-diol and 2-butyne-l,4-diol, ehylene glycol, and 
glycerine. The use of these last-mentioned initiators leads to the obtaining of di- 
and polyglycidyl ethers corresponding to the general formula given above in 
which Z represents the radicals respectively. 

30 A second type of di- and polyglycidyl ethers leadingto polyether polyols 

having a higher halogen content comprises those of which the formula given 
above contains a halogenated radical Z, the halogen being selected from the 
group comprising chlorine and bromine. They may be obtained by the 
dehydrochlorination of the chlorinated polyether polyols resulting from the 

35 catalytic oligomerisation of epichlorohydrine which is initiated by saturated or 
unsaturated halogenated polyols, such as glycerol monochloro- and 
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monobromohydrins, 3,4-dibromo- 1 ,2-butanediol, 2,3-dibromo-l ,4-butanediol, 
the 2,3-dibromo-2-butene-l,4-diols, the 3,4-dibromo-2-butene- 1 ,2-diols, 2,2(bis) 
bromonicthyH,3-propancdk)l, l,2,5,6-tctrabrotno-3,4-hcxancdiol. 

The oligomerisation of epichlorohydrin may also be initiated by a mixture 
5 of brominated and/or unsaturated diols. 

The molar ratio of epichlorohydrin and iniator polyol is not critical and 
may vary within a wide range. This ratio governs the hydroxyl index of the 
resulting polyether polyol. 

The oligomerisation catalyst may be any of the acid catalysts known for 
1 0 this type of reaction. It is nevertheless preferred to use boron trifluoridc in the 
free or complexed state. 

Di- and polyglycidyl ethers of brominated epichlorohydrin oligomers can 
also be obtained by partial or complete molecular bromination of the di- or 
polyglycidyl ethers of unsaturated epichlorohydrin oligomers obtained by 
15 dehydrochloroination in an alkaline medium of the unsaturated chlorinated 

polyether polyols resulting from the catalytic oligomerisation of epichlorohydrin 
which is initiated by an unsaturated di- or polyhydroxyl compound. 

Furthermore, the halogen content of the polyether polyols of the invention, 
and consequently the flame resistance of the polyurethanes derived therefrom, 
20 can be still ftirther increased if these polyether polyols also have unsaturations, 
by partial or complete bromination of these unsaturations. By this technique the 
unsaturated polyols resulting from the hydrolysis is a dilute acid medium of the 
di- or polyglycidyl ethers of unsaturated epichlorohydrin oligomers of the 
general formula: 

25 

jj- i^ci -Ix L C^Cl J y \ J z 

30 in which x, y, and z correspond to the difmition given above and Y represents an 
unsaturated organic radical or valence z, are brominated. 

The method of bromination of the polyether polyols and glycidyl ethers is 
not critical. It is possible to operate in a manner known per se^ optionally in the 
presence of a catalyst and of an inert solvent such as chloroform, carbon 
35 tetrachloride, methylene chloride, or o-dichlorobenzene. 

The temperature is generally kept below 50 -60 °C. 
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The amount of bromine used is not critical. Nevertheless, it is preferred to 
use an almost stoichiometric quantity of bromine. 

Particularly preferred polycthcr polyols correspond to the general formula 
in which Z represents the radicals CH2C1-CH(CH2-)-, -CHz-CHBr-CHBr-CHa-, - 
5 CH2-CBr=CBr-CH2-. 

Monochloropropanediol, in particular 3-chloro-l,2-propanediol or a- 
monochlorohydrin of glycerol can be obtained according to a process such as 
described in US patent 2,321,037, the content of which is incorporated herein by 
reference, more specifically the passage from page 2, left column, line 65 to 

10 page 3, left column, line 2. 

The hydrolysis or hydration reaction of epichlorohydrin is carried out with 
water in the presence of an acid catalyst or an acid-acting catalyst, at a 
moderately high temperature. 

The catalyst can be an acid, an acid salt, an acid-reacting subtstance or a 

1 5 substance capable of acting as an acid catalyst under the conditions of reaction. 
Suitable catalysts include strong mineral acids, such as sulfuric acid, phosphoric 
acid, metaphosphoric acid, phosphorous acid, pyrophosphoric acid, pyrosulfuric 
acid, nitric acid, perchloric acid. Other suitable compounds are for example, 
sulfuric oxychloride, sulfiirous oxychloride, sulfurous oxybromide (thionyl 

20 bromide), nitrogen dioxide, nitrogen trioxidc, nitrosyl chloride, phosphorous 
oxychloride, phosphorous trichloride, phosphorous pentachloride. Suitable 
inorganic acid-acting salts are for example, zinc sulfate, zinc phosphate, ferric 
sulfate, aluminum sulfate, sodium hydrogenosulfate, sodium mono- and 
dihydrogenophosphate. It is also possible to employ monobasic organic acids 

25 such as, formic, acetic, propionic, butyric, isobutyric, valeric, benzoic acids and 
their homologues and analogues. It is also possible to employ polybasic acids 
such as for example, oxalic, malonic, succinic acids, or hydroxyl and/or carbonyl 
substituted acids, such as lactic, citric, malic, mesoxalic acids. Furthermore, it is 
also possible to use organic esters, salts and compounds capable of acting as acid 

30 catalysts under the conditions of operation, such as for example, benzene 

sulfonic acid, and its homologues and analogues, dialkyl and alkyl acid sulfates, 
alkylated phosphoric and sulfonic acids, halogenated organic acids, acids such as 
sulfoacetic acid, acid halides and compounds like aniline-hydrochloride and the 
like. As a general rule, the use of a weaker acid catalyst ordinarily requires its 

35 application in higher higher concentrations or operation under higher 
temperatures in order to obtain the same degree of catalytic activity. 
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The hydrolysis or hydration of epichlorohydrin reaction temperature is 
generally comprised between 25 and 100 ^C. However, higher tempeartures and 
shorter times of contact of the rcactants may be resorted to when it is desirable to 
accelerate the reaction. 
5 The hydration reaction can be carried out at any pressure, for example, at 

atmospheric pressure at the reflux temperature of the reaction mixture, or at a 
superatmospheric pressure when the temperature of the reaction mixture is 
around or higher than 100 °C. 

The hydrolysis of epichlorohydrin is generally carried out while 
10 maintaining a very high water to epoxide mol ration, this ratio being of at least of 
10:1 and even higher. 

The hydration of epichlorohydrin cane be carried out under continuous 
mode or under discontinuous mode. 

The reaction mixture may be stirred or not. 
1 5 The obtained reaction mixture comprising the reaction product, water and 

the acid catalyst cane be separated by any means, as for instance by a 
neutralization operation of the acid catalyst followed by a distillation operation. 

In order to control the hydration reaction, it is preferable to introduce the 
epichlorohydrin gradually into the acid-containing water, thereby allowing an 
20 even and controllable hydration of the epichlorohydrin. The hydration reaction 
is effected by establishing a relatively large body of water containing the acid- 
acting catalyst, maintaining this aqueous solution at the described optimum 
temperature, and gradually introducing with stirring, the epichlorohydrin, the 
quantity of epichlorohydrin thus added being regulated so that the mol ratio of 
25 the water to the total epichlorohydrin introduced into the reaction vessel is at 
least, and preferably exceeds 10: 1 . After addition of the totality of the 
epichlorohydrin, the mixture is continuously agitated and maintained at the 
aforementioned moderate temperature for a period of time sufficient to allow the 
hydration reaction to occur, after which the desired products arc separately 
30 recovered if it is preferred to obtain them in an anhydrous state. 

The obtained reaction mixture may be first neutralized by the addition of 
an amount of a basic or basic-acting material, such as calcium carbonate, in a 
slight excess to the acid catalyst employed. As neutralizing basic agents it is 
preferable to employ basic or basic-acting materials which are themselves 
35 insoluble or substantially insoluble in the reaction mixture and which form 
insoluble or substantially insoluble salts. 
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The neutralized reaction mixture may then be distilled, preferably under a 
reduced pressure, under continuous or discontinuous mode. Under discontinuous 
mode, the first distillate is an aqueous phase which may comprise a small amount 
of monochloropropanediol, usually from 2 to 5 % by weight and traces of 
5 epichlorohydrin and of dichloropropanol. This aqueous phase can be reused in 
further reactions of hydration of epichlorohydrin. The second distillate is made 
of 3-chloro-l,2~propanediol essentially anhydrous. 

3-chloro-l,2-propanediol or a-monochlorohydrin of glycerol is an 
synthesis intermediate used for example in cosmetics and pharmaceutics for the 
10 manufacture of glycerol a-monocthcrs such as guafencsin (ether of glycerol and 
guaiacol), an expectorant added to cough syrups, and in the manufacture of a- 
monoesters (monoglycerides). This glycerol monochlorohydrin may also be 
used for the production of aminopropanediol derivatives, such as 3-amino-l,2- 
propancdiol (isoscrinol), starting material for the synthesis of X-ray contrasting 
15 agents. This glycerol monochlorohydrin may also be converted into glycidol 

used as a stabilizer in vinyl polymers and as intermediate for the manufacture of 
other chemicals. Finally, some quaternary ammonium compounds and 
polyhydroxy esters may also be obtained from this glycerol monochlorohydrin. 
This invention furthermore relates to a process for manufacturing 
20 dichloropropanol in which glycerol is reacted with a chlorinating agent in a 

reaction medium wherein the ratio between the quantities of cyclic oligomers of 
glycerol and of the sum of the quantities of glycerol and of cyclic oligomers of 
glycerol, is greater than or equal to 0.01 and less than or equal to 20 g/kg. 

The conditions for the process of manufacturing dichloropropanol are as 
25 described above. 

The invention also relates to a process for manufacturing epichlorohydrin 
in which the dichloropropanol obtained in the previous mentioned process, is 
subjected to a dehydrochlorination reaction. 

The conditions for the process of manufacturing epichlorohydrin arc as 
30 described above. 

The invention further relates to an epichlorhydrin which may be obtained 
from the previous process for manufacturing epichlorohydrin. 

All the characteristics of that epichlorhydrin are as described above. 
The invention also relates to a process for manufacturing epoxy resins or 
35 glycidyl ethers or glycidyl esters or glycidyl amides or glycidyl imides or 

glycidyl amines or products that can be used as coagulants or water-resistant 
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resins or cationization agents or flame retardants or ingredients for detergents or 
epichlorohydrin elastomers or halogenated polyethers-polyols or 
monochloropropanediol, preferably 3-chloro-l,2-propancdiol, comprising the 
previous process for manufacturing epichlorhydrin, in which the epichlorohydrin 

5 is subjected to a reaction with at least one compound chosen from monoalcohols, 
monocarboxylic acids, polyols, polyamines, amino alcohols, polyimides, 
polyamides, polycarboxylic acids, ammonia, amines, polyaminoamides, 
polyimines, amine salts, phosphoric acid, phosphoric acid sahs, phosphorus 
oxychlorides, phosphoric acid esters, phosphonic acids, esters of phosphonic 

10 acids, salts of phosphonic acids, phosphinic acids, esters of phosphinic acids, 
salts of phosphinic acids, phosphinc oxides, phosphines, ethoxylated alcohols, 
alkylene or phenylene oxides, and mixtures of at least two of these compounds, 
or in which the epichlorohydrin is subjected to a homopolymerization reaction or 
in which the epichlorohydrin is subjected to a reaction of oligomcrisation, of co- 

1 5 oligomcrisation, of condensation, of dehydrochlorination and of hydrolysis, with 
water, or with a di- or polyhydroxylated compound which may optionally be 
halogenated and/or have ether oxide bonds and/or double bonds capable of being 
halogenated in a subsequent stage or wherein epichlorohydrin is subjected to a 
reaction with water. 

20 The conditions for the process of manufacturing the epichlorohydrin 

derivatives are as described above. 

The invention finally relates to the use of the epichlorohydrin obtainable in 
the previous process in the manufacture of epoxy resins or glycidyl ethers or 
glycidyl esters or or glycidyl amides or glycidyl imides or glycidyl amines or of 

25 products that can be used as coagulants or water-resistant resins or cationization 
agents or flame retardants or ingredients for detergents or epichlorohydrin 
elastomers or halogenated polyethers-polyols or monochloropropanediol, 
preferably 3-chloro-l,2-propanediol.The examples below are intended to 
illustrate the invention without, however, limiting it. 

30 Example 1 (according to the invention) 

A mixture of glycerol and adipic acid containing 7.3 %w/w adipic acid has 
been prepared by addition of adipic acid to glycerin containing 0.40 g/kg of 
diglycerol and 0.02 g/kg of cyclic diglycerol. Aqueous hydrochloric acid with a 
concentration of 5.8 mol of hydrogen chloride/kg of solution and the mixture of 

35 glycerol have been introduced at a constant flow rate of respectively 89.0 g/h and 
25.8 g/h into a 350 ml glass reactor thcrmostattcd at a temperature of 120 °C. 
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The reactor, which functioned at atmospheric pressure, was equipped with an 
overflow system for maintaining a constant volume of liquid. The reaction 
mixture fraction that was vaporized was evacuated from the reactor and 
condensed at ambient temperature. The condensate is a homogeneous aqueous 
5 phase containing most of the hydrochloric acid which had not reacted and a part 
of the dichloropropanol production. The liquid mixture collected at the overflow 
outlet contained the remainder of the dichloropropanol production. No flow was 
recycled to the reactor. The process was operated during 28.5 h to equilibration. 
The conversion rate of glycerol and hydrogen chloride were respectively 
10 89.2% and 67%. 

The global dichloropropanol productivity estimated from the flows and the 
compositions of the condensate and the overflow outlet was 37.6 g 
dichloropropanol/h/1. 

The selectivity in glycerol oligomers (i.e. diglyccrol, cyclic diglyccrol, 
1 5 monochlorohydrin and dichlorohydrin of diglyccrol) was 2.0 % based on the 
reacted glycerol. 

The global concentration in the liquid mixture collected at the overflow 
outlet was 2 1 g/kg for the sum of diglyccrol, cyclic diglyccrol, 
monochlorohydrin and dichlorohydrin of diglyccrol and heavy products not 

20 quantified in the gas chromatography (GC) analysis. The concentration of heavy 
products not quantified in the GC analysis in g/kg is estimated by difference 
between 1000 and the sum of the concentrations of HCl, water and the identified 
products in the GC analysis (adipic acid, glycerol, glycerol monochlorohydrin, 
glycerol dichlorohydrin and esters of glycerol, glycerol monochlorohydrin and 

25 glycerol dichlorohydrin). 

Example 2 (not according to the invention) 

A mixture of glycerol and adipic acid containing 7.3 %w/w adipic acid has 
been prepared by addition of adipic acid to glycerin containing 0.5 g/kg of 
diglyccrol and 23 g/kg of cyclic diglyccrol . Aqueous hydrochloric acid with a 

30 concentration of 5.8 mol of hydrogen chloride/kg of solution and the mixture of 
glycerol and adipic acid have been introduced at a constant flow rate of 
respectively 88.7 g/h and 25.9 g/h into a 350 ml glass reactor thermostatted at a 
temperature of 120 °C. The reactor, which functioned at atmospheric pressure, 
was equipped with an overflow system for maintaining a constant volume of 

35 liquid. The reaction mixture fraction that was vaporized was evacuated from the 
reactor and condensed at ambient temperature. The condensate is a 
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homogcncou^ aqueous phase containing most of the hydrochloric acid which had 
not reacted and a part of the dichloropropanol production. The liquid mixture 
collected at the overflow outlet contained the remainder of the dichloropropanol 
production. No flow was recycled to the reactor. The process was operated 
5 during 33 h to equilibration. 

The conversion rate of glycerol and hydrogen chloride were respectively 
88.1 %and 66%. 

The global dichloropropanol productivity estimated from the flows and the 
compositions of the condensate and the overflow outlet was 35.4 g 
1 0 dichloropropanol/h/l 

The selectivity in the production of oligomers (i,e. diglycerol, cyclic 
diglycerol, monochlorohydrin and dichlorohydrin of diglycerol) was 1 .9 % based 
on the reacted glycerol. 

The global concentration in the liquid mixture collected at the overflow 
15 outlet was 61 g/kg for the sum of diglycerol, cyclic diglycerol, 

monochlorohydrin and dichlorohydrin of diglycerol and heavy products not 
quantified in the GC analysis. 
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CLAIMS 

I. Composition comprising glycerol and at least one cyclic oligomer of 
glycerol at a content greater than or equal to 0.01 and less than or equal to 20 g 
of cyclic oligomcr/kg of composition. 

5 2. Composition according to Claim 1, in which the glycerol content is 

higher than or equal to 500 g of glycerol/kg of composition. 

3. Composition according to Claim 1 or 2, in which the cyclic oligomer of 
glycerol is a cyclic dimer of glycerol. 

4. Composition according to Claim 3, containing in addition at least one 
1 0 glycerol dimer chosen from glycerol dimers of linear structure, non cyclic 

glycerol dimers of branched structure and mixtures of at least two of these 
glycerol dimers. 

5. Process for preparing the composition according to any one of Claims 1 
to 4, comprising the following steps: 

15 (a) a composition (1) comprising glycerol, for which the content of cyclic 

oligomer of glycerol is less than 0.01 g/kg of composition, is subjected to a 
heating operation at a temperature greater than or equal to 25^C and less than 
1 80°C, in the presence of a basic agent; 

(b) the composition (II) obtained at the end of step (a) is subjected to a 

20 distillation operation or to an evaporation operation, in order to obtain as a 

distillate or as an evaporate, a composition comprising glycerol and at least 
one cyclic oligomer of glycerol at a content greater than or equal to 0.01 g of 
cyclic oligomer/kg of composition 

(c) optionally, one fraction of the composition (III) obtained at the end of 

25 step (b) is subjected to at least one purification treatment, so as to obtain a 

composition containing glycerol and at least one cyclic oligomer of glycerol 
at a content of less than or equal to 20 g of cyclic oligomer/kg of 
composition. 

6. Process according to Claim 5, in which the purification treatment is 
30 chosen from evaporative concentration, evaporative crystallization, distillation. 
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frdctional distillation, stripping and liquid/liquid extraction operations and 
combinations of at least two of these operations. 

7. Process for manufacturing dichloropropanol, in which at least one 
composition according to any one of Claims 1 to 4 is reacted with a chlorinating 

5 agent. 

8. Process for manufacturing dichloropropanol wherein glycerol is reacted 
with a chlorinating agent in a reaction medium wherein the ratio between the 
quantities of cyclic oligomers of glycerol and of the sum of the quantities of 
glycerol and of cyclic oligomers of glycerol, is greater than or equal to 0.01 and 

1 0 less than or equal to 20 g/kg. 

9. Use of a composition according to any of Claims 1 to 4 for the 
manufacture of dichloropropanol. 

10. Process for manufacturing epichlorohydrin comprising the process 
from Claim 7, in which the dichloropropanol obtained is subjected to a 

1 5 dehydrochlorination reaction. 

1 1 . Process for manufacturing epichlorohydrin comprising the process 
from Claim 8, in which the dichloropropanol obtained is subjected to a 
dehydrochlorination reaction. 

12. Epichlorohydrin which may be obtained according to the process of 
20 Claim 10. 

13. Epichlorohydrin which may be obtained according to the process of 
Claim 11. 

14. Process for manufacturing epoxy resins or glycidyl ethers or glycidyl 
esters or glycidyl amides or glycidyl imides or glycidyl amines or products that 

25 can be used as coagulants or water-resistant resins or cationization agents or 
flame rctardants or ingredients for detergents or epichlorohydrin elastomers or 
halogenated polyethers-polyoLs or monochloropropanediol, preferably 3-chloro- 
1,2-propanediol, comprising the process according to Claim 10 or 1 1, in which 
the epichlorohydrin is subjected to a reaction with at least one compound chosen 

30 from nwnoalcohols, monocarboxylic acids, polyols, polyamines, amino alcohols, 
polyimides, polyamides, polycarboxylic acids, ammonia, amines. 
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polyaminoamides, polyimines, amine salts> phosphoric acid, phosphoric acid 
salts, phosphorus oxychloridcs, phosphoric acid esters, phosphonic acids, esters 
of phosphonic acids, salts of phosphonic acids, phosphinic acids, esters of 
phosphinic acids, salts of phosphinic acids, phosphine oxides, phosphines, 

5 ethoxylated alcohols, alkylene or phenylene oxides, and mixtures of at least two 
of these compounds, or in which the cpichlorohydrin is subjected to a 
homopolymerization reaction, or in which cpichlorohydrin is subjected to a 
reaction of oligomerisation, of co-oligomcrisation, of condensation, of 
dehydrochlorination and of hydrolysis, with water, or with a di- or 

10 polyhydroxylated compound which may optionally be halogenatcd and/or have 
ether oxide bonds and/or double bonds capable of being halogenatcd in a 
subsequent stage, or wherein cpichlorohydrin is subjected to a reaction with 
water. 

15. Use of the cpichlorohydrin according to Claim 12 or 13 in the 
15 manufacture of epoxy resins or glycidyl ethers or giycidyl esters or or glycidyl 
amides or glycidyl imides or glycidyl amines or of products that can be used as 
coagulants or water-resistant resins or cationization agents or flame retardants or 
ingredients for detergents or cpichlorohydrin elastomers or halogenated 
polyethers-polyols or monochloropropanediol, preferably 3-chloro-l,2- 
20 propanediol. 



MTERNATIONAL SEARCH REPORT 



PCT/EP2009/053766 



A. CLASSinCATION OF SUBJECT MATTER 

INV. C07C29762 C07C31/22 
C07C29/76 C08G59/04 



C07C31/36 C07D303/08 C07D301/26 



According to Intemllonal Patent ClaMiftellon <lPC>orto bolh nrtlonar dasajltoaiion and IPC 



B. RELOS SEARCHED 


Minimum docijmentatlon seaidied (dasafflcaiion system Mo 


wed tiy dasainci 


Nion symbols) 




C07C C07D COIB C08G 




Docunieniallon searched other inan mlnimunn documeniaiton 


10 tie extent itiei 


t suct> documenis ara Indu 


ded In tne fields seerched 


Etodronic dMa b«se oonsuHed duftng tlio Intematlonai seard 


f) (neme of data 1 


saaeand. wheie practical, 


searctt lenns used) 



EPO-Internal , WPI Data. PAJ, INSPEC. COMPENDEX 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* CKatlon ol documefil, mMi tndcailon. wtiare approprtele, oT the relevanl passages 



GIBSON G P: "THE PREPARATION, PROPERTIES 
AND USES OF GLYCEROL DERIVATIVES. Part 
III. THE CHLOROHYDRINS" 

CHEMISTRY AND INDUSTRY, CHEMICAL SOCIETY, 

LECHWORTH, GB, 1931, pages 949-970, 

XP009042263 

ISSN: 0009-3068 

page 950 - page 951; table II 



1,9 



WO 2007/144335 A (SOLVAY [BE]; KRAFFT 
PHILIPPE [BE]; GILBEAU PATRICK [BE]; 
BALTHASART DO) 

21 December 2007 (2007-12-21) 
page 5 and claims 1, 5, 9, 11-12 
the whole document 

EP 0 296 341 A (SOLVAY UERKE GMBH [DE]) 
28 December 1988 (1988-12-28) 
example 1 



1,7-15 



1,3-6 
2 



□ 



Furtrrer documenis are lUed In the cortlnustkMi of Box C 



ID 



See patent famly annex. 



* Spaciai categortet of died doajmsnts ; 

'A* document deftning Ihe general stale of Itw an witlch ts not 

oonaidersd to be of particuler relevance 
*E* earlier document but publshed on or sfler Ihe Intemetlonal 

rung dale 

*L* document wnicn may throw doubts on prtortly clalm(s) or 
whidi le dted to eetabHeh the pubttcatlon date of another 
caallon or other special reason (as spedfled) 

'O* document retomng to sn orat dlBdosuie, use. exMMtton or 
other meene 

'P* document published prlorlo the imemallonel fHng dele but 
later than the prtortty dale dskned 



"T* later documenl publahed after ihe IntemallonaJ Wng dale 
or pftorly date and not In conflict wMh ttie appllcaiton but 
died to understand the prtnaple or thoory undertylng the 
(nvenllon 

*)(* document of pertlcular reievance; the dakned Invention 
cannot tm considered novel or cannot be ooneldeied to 
involve an inventive step when Itw document Is isken stans 

*Y* document of peiticulBr relavanoe: the delmed Invention 

cennot be oonsklired to Involve an Inverilve step wtien the 
documenl Is combined with one or move other eucli docu- 
ments, such oombinallon being obvloua to a person sMIed 
In the art. 

'&* document member d the same palem family 



Date or the actual compielion d the mtemallcnal aeaidi 

15 June 2009 



Dale of mafllng d Vie SMemallDnal saaich report 

30/06/2009 



Name and mailing address of the SA/ 

European Padent Office. P.B. 5618 
NL - 2200 HV Rt|sw||k 
TeL (^31-70} 340-2040, 
Fax: (-f 3 1-70) 340-3010 



Authorized ofllcer 



Seelmann, Marl el le 



Fom PCT/IW/Z10 (Moond aheei} (Apftt 8006) 



INTERNATIONAL SEARCH REPORT 



PCT/EP2009/053766 



Patent document 
citBd In search report 



Put)lication 
da«e 



Patent family 
member(8) 



Publication 



WO 2007144335 



21-12-2007 



AR 061375 Al 

CA 2654717 Al 

EP 2043984 Al 

KR 20090023482 A 



EP 0296341 



28-12-1988 



DE 
ES 
GR 
JP 
JP 
JP 
US 



3811826 Al 
2039009 13 
3008143 T3 
1022922 A 
1848961 C 
5063489 B 
4973763 A 



20- 08-2008 

21- 12-2007 
08-04-2009 
04-03-2009 



19-10-1989 
16-08-1993 
30-09-1993 
25-01-1989 
07-06-1994 
10-09-1993 
27-11-1990 



Foim RCTASM210 ptOmt tamN^ wm) (ApiHa0O6) 



